The discovery of chromatic aftereffects which are contingent upon the orientation of lines was first described by Mccollough (1965) . In her original study, observers viewed line gratings, with one orientation paired with orange and the orthogonal orientation paired with the complementary color, blue. Upon inspection of an achromatic test pattern having both orientations of lines, subjects subsequently reported the test pattern as having color differences, with the color of the aftereffect contingent upon test orientation. Specifically, the orange vertically-1 ined grating viewed during inspection yielded aftereffects tinged with blue, and the blue horizontally-lined inspection figure produced aftereffects tinted with orange.
Since that time, a multitude of variations on the original experiment nstrating the effect have been reported (see for reviews Harris, 1980; Skowbo, 1984;  Skowbo, Timney, Gentry and Morant, 1975) , and although it has I been established repeatedly that the color-contingent aftereffects are 1rather simple to evoke, finding a way to adequately quantify them has uch more challenging and difficult task (Skowbo et al., 1975) .
Thati is, most measures· simply identified· the presence or a~sence of the aftereffect without providing a means of assessing the magnitude of the Unrestricted color naming, the method Mccollough (1965) employed in her original experiment, involved asking subjects after several inspection trials whether or not they observed any differences in hue, no matter how desaturated, between the two halves of the test grid. Next they were asked to write down any color differences they perceived. This procedure was carried out first for the left eye alone, then the right eye alone, for binocular viewing, and finally by alternately opening and closing each eye.
Forced-Choice Colour Naming Procedure Harris and Gibson (1968) utilizing a forced-choice color naming procedure, required that every observer answer after each test trial, a set of five questions read to him from a printed checklist by the _experimenter. Questions asked were: (a) "Do you see any color on the center diaf!1on.d? (b) "If you had to pick a color-for the center diamond, would you call it green, or pink? You must answer this question even if you don't see any color" (p. 1507). Next, the same two questions were 4 asked about the diamond surrounding the center diamond. Lastly, each experimental participant was asked whether the color observed (if any) seemed stronger, the same, or weaker than the color observed on the immediately preceding test trial. The subject was then asked to rotate his head to the side 90 degrees and answer the same five-question checklist (p. 1507).
Colour-cancellation
Colour-cancellation, a classification encompassing several varied procedures, involved manipulating some aspect of the dependent variable until the aftereffects disappeared. Teft and Clark (1968) measured the degree of rotation from adaptation orientation necessary for each subject to report the disappearance of the apparent color from the test grating. Riggs, White and Eimas (1974) designed an experiment whereby each observer was required to manually adjust a disk controlling variable amounts of desaturated 1 ight which in their combination with the test grating, eliminated the aftereffect.
Over five trials for each pattern, a colorimetric purity index was derived; the amounts of light needed by each subject to just cancel the color on the test screen yielded an estimate of the presence and colorimetric direction of the aftereffect. (1941) system of color notation consists of a set of colored paper chips arranged such that they are just noticeably different from each other in terms of hue, saturation, and brightness. Arrayed on the pages of a book, each page represents a different color, with saturation ordered along the horizontal dimension of each page and brightness along the vertical dimension. An experimental participant is then able to identify an unknown color experience by matching it to the Munsel 1 chip it most closely approximates. Thus, both the direction of the color (qualitative) and the magnitude of the color (quantitative) can be evaluated, the former given by hue identification and the latter given by the degree of saturation.
Using a somewhat different process, Stromeyer (1972) , by use of a rotating polarizer, required subjects to manually adjust the saturation of a projected field of color of similar hue to that of the test grating, to match the strength of the color observed on the test grating. Murch and H.irsch (1972) Several other investigators have used a similar approach MacKay & MacKay, 1977; Murch, 1979 Not only were orientation thresholds obtained as possible determinants of the intensity of the effects, but "density" thresholds as well. Teft and Clark (1968) , using the color-cancellation procedure discussed earlier, examined the relationship of the density of lines between adapting and test patterns. By varying the density of lines, or number of edges between adapting and test patterns, they were able to measure the degree of rotation from adapting orientation necessary for the subject to report the disappearance of the apparent color from the test field.
Supported by physiological findings from animal research (Hubel and Wiesel, 1968) Lovegrove and Over (1972) presented observers with the usual
McCollough Effect adaptation sequences varying however, the spatial frequenfies between the vertical and horizontal inspection grids.
Subjectk were then instructed to report verbally whether or not either half of the test display appeared colored, and if it did, would the color most approximate green or red; the forced-choice color naming procedure employed by Harris and Gibson (1968) . Leppmann (1973) , utilizing inducing grids of differing spatial frequencies, was able to demonstrate the corresponding color-conditioned aftereffects using a variable-frequency test grid. By obtaining verbal, hence qualitative, estimates of (a) the appearance of colors on the test field and (b) the saturation of the colors on the test grid relative to each other, he was abl~ to show the strongest effects on the portion of the variable-frequency test field that most closely resembled the spatial frequency of the inducing grid. Riggs (1973) , using pairs of oppositely curved inspection grids projected on red and green colored backgrounds respectively, was able to induce the subjective colors using achromatic test fields composed of alternating patterns of convex/concave lines. Observers were asked to verbally indicate whether or not there seemed to be any hue differences on the test panels.
Following this, conditioning continued until subjects were able to correctly name the appropriate color for each particular curvature.
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Regardless of the degree of curvature observed on the grids during conditioning trials, the most vivid aftereffects were reported on those test fields with the most strongly curved panels, and viewing inspection patterns with stronger curvatures yielded McCol lough Effects more rapidly than did viewing grids composed of more weakly curved lines.
Demonstrating results of a similar nature, White and Riggs (1974) produced the effects using inspection panels composed of oppositely- 
Luminance Features
While not as widely investigated as other possible parameters of the effects, systematic man i pul at i ans of luminance features of the adapting and testing fields were concurrently pursued. Stromeyer and Mansfield (1970) , the first investigators to provide information about the luminance parameters of the inducing grids used to evoke the subjective colors, employed an unrestricted color naming procedure. They determined that rather than the effects being dependent on some absolute level of adaptation illumination, marked decreases in luminance levels of the inspections grids could occur without there being a corresponding cha~ge in the aftereffects.
Following brief (5 sec) and prolonged (15 sec) adaptation to horizontally or vertically lined grids paired with varying background colors, Timney, Gentry, Skowbo and Morant (1975) measured luminance thresholds for test fields of identical or differing orientation and wavelength. After inspection trials, observers were required to manually adjust a neutral density wedge until such time that the subjective colors were just apparent on the test target. Brief viewing durations yielded slight elevations in orientation--specific luminance thresholds while prolonged adaptation produced larger orientation specific thresholds.
Using a color-cancellation technique, White (1976) revealed that over inspection trials of equal duration, stronger effects were induced using high luminance adaptation gratings rather than lower luminance gratings and stronger effects were viewed on lower luminance test fields than higher luminance fields.
Investigating pattern contrast, Schmidt and Finke (1979) reported that stronger subjective col ors were observed on high-contrast test patterns, the strength attributable to the high degree of luminance contrast present within each test target rather than to similarities in luminance levels between inspection and testing grids. The effects were assessed using a forced-choice procedure; participants were requested to "inspect the pattern for at least several seconds and then, when ready, write down on the prepared form which half of each test slide appeared "redder" or "greener" (p. 409). Directly following each experimental session, subjects were encouraged to write a short description of their observations and then discuss them briefly with the investigator.
Using a similar procedure, Mikaelian (1980) ••• close temporal contiguity between the CS and UCS would fail to produce conditioning if, during acquisition trials, the UCS were also presented frequently without the CS: Such a maneuver would lower the correlation between CS and UCS occurrences (cited in Skowbo, 1984) .
In a similar fashion, Skowbo and Forster (1983) Those researchers who employed unrestricted color naming found that naive subjects were sometimes unable to report whether or not the colored aftereffects were visible on the test grating or were unable to attach color names to them, possibly due to the desaturated appearance of th·e hues (Mccollough 1965) . Running into difficulties of the opposite nature, Harris and Gibson (1968) noted that subjects who were unable to report the appearance of colors on the test field were nonetheless able to give suitable responses when forced to choose! Objections have also been raised regarding the efficacy of certain color-cancellation procedures. Although Teft and Clark (1968) proposed to measure changes in test pattern orientation, Skowbo et al. (1975) commented that what was actually being measured was bandwidth; the range of spatial frequencies over which the effect remained visible.
It should also be noted that hue-matching used in cancellation experiments assumes a linear relationship between '·hue strength and aftereffect strength. That the visual perception of hue is 4 non-linear function is well documented (Murch, 1976) Placing constraints on this method however was the narrow range in magnitude (or degree of difference), over which the effects seem to occur (Stromeyer, 1969) .
CHAPTER IV STROMEYER'S EXPERIMENT
Taking a new slant on the problem, Stromeyer (1974) found that ·form-specific colored aftereffects could be evoked from test patterns observed in extremely dim light that stimulated the rods but not the cones. His results suggested that rod and cone signals converge at some level of the visual system. Previous to this time, evidence indicated that rods alone functioned in dim light Cscotopic illumination) so that objects appeared colorless with cones contributing input only at higher levels of illumination (photopic) to give objects color and form.
In regards to Stromeyer's (1974) controversial findings, an obvious question must be raised--is there an absolute crossover from scotopic to photopic sensitivity and through conditioning could the strength of the Mccollough Effect lower the threshold at which the effect could be perceived or is the Mccollough Effect merely a function of some static, prewired constant, an observer's dark adaptation curve.
Another point of contention which must be mentioned but will not be dealt with extensively in this paper centers around the basic mechanism by which the effect is evoked. The issue of identifying that mechanism has led to the development of two theoretical camps. One group, the "adaptation" theorists, ascribes the effect to some kind of physiological chromatic adaptation to specific components (i.e., lined grids of specific 19 20 was predicted that the greater the number of inspection trials, the dimmer the illumination could be in order for the observer to first perceive the color on the test pattern as illumination of the test pattern shifted from completely dark to bright (ascending threshold measurements).
Likewise, the greater the number of inspection trials, the longer would the observer be able to still perceive the color on the test pattern, even though illumination of the test pattern was getting progressively dimmer (descending threshold measurements). The failure of the study to indicate a clearcut relationship between strength of the Mccollough Effect and threshold measurements was attributed to extremely high measurement error.
CHAPTER V THE PRESENT STUDY
The present study, while attempting to closely parallel Stromeyer's (1974) design (in which a between-subjects format was used and ascending threshold measurements were obtained after a 20 min inspection trial), contained the following changes: A within-subjects design was employed, and ascending and descending threshold measurements were taken on each subject on both "short" (15 min) and "long" (30 min) inspection times.
With these changes, the study sought to determine (a) wheth~r threshold measurements could serve as quantitative dependent measures with which to evaluate the strength of the aftereffects and (b) whether the Mccollough Effect required a photopic level of illumination in order to be evoked. Conversely, could the aftereffects be elicited in scotopic illumination? In accordance with (a), it was predicted that the greater the number of inspection trials, the dimmer the illumination could be in order for the subject to first perceive the desaturated hues on the test target. In accordance with (b), it was predicted that the appearance of the test pattern would change markedly near the rod-cone crossover point:
just above the break the bars of the grating would appear sharp, and just below the break they would appear diffuse. The vertical and horizontal grating of the testing grid would appear faintly pinkish and greenish respectively at the lowest light level, minus 1.89 log ml below the rod-22 cone break and become progressively more saturated as the light was increased.
In relation to the predictions of the adaptation model, a photopic level of illumination would be necessary in order to observe the desaturated hues, since it was the chromatic background that was critical in evoking the effect. Contrarily, the classical conditioning model would anticipate that the greater the number of inspection sequences, the dinvner the illumination could be in order for the observer to first detect the colors on the test field, as it was the 1 ined grid that served as the 
PROCEDURE
During the inspection phase, subjects, individually run, viewed the high-contrast gratings projected upon a 56 x 56 white cardboard screen.
Counterbalanced across subjects, one half of the observers, randomly assigned, were exposed to the "short" condition first: 2-sec on and 2-sec off alternating presentation of the green vertical grating and the red horizontal grating for 15 min totaling 113 trials with mean luminance of the green and red inspection stimuli being 4.519 and 4.950 ml respectively. Then, after dark adapting for 30 min, during which time a dark adaptation curve was obtained, an alternating series of 10 ascending and 10 descending threshold measurements of the test pattern was recorded for each subject, the luminance of the white areas of the test pattern ranging between -1.89 log ml and approximately -6.00 log ml •
. With a 7-day interval separating conditions, the group receiving the 11 short .. inspection time first was then exposed to a "long" condition,
CHAPTER VII RESULTS
Individual scores representing the mean neutral density wedge setting (level of illumination) for 10 ascending and 10 descending threshold measurements for each subject are presented in Table 1 .
Insert Table 1 about here Additionally, means and standard deviations for grid threshold measurements 7 min into dark adaptation and subjective color threshold measurements in 15 min and 30 min inspection trials are shown in Table 2 .
Insert Skowbo and Rich (1982) found no evidence to support changes in aftereffect strength or rate of acquisition with practiced observers. Murch (1974) and Shute (1979) howevers reported that only extremely brief exposure times were necessary for trained observers to report detection of the hues.
Alt~ough serious concerns have been raised in reference to the strength ~f Stromeyer's (1974) controversial findings, his results could never-therless be explained in terms of the classical conditioning model.
This moden would predict that because the lined grating of the inspection figure v1ewed during adaptation serves as the feature component in eliciting 1 1 the desaturated hues, the level of illumination in which the hues are evoked should make no difference. Specifically, the effects could be elicited in scotopic illumination provided that there was· a vehicle ~hrough w~ich it could be evaluated. That Stromeyer (1974) was able to demonstrate this neatly conforms to these predictions.
Con1trarily, the predictions of the adaptation model would not be suitable 1in explaining Stromeyer's (1974) data, due to its contention that the !illumination level would have to be sufficiently high in order for obser~ers to detect the hues, as it is the background color of the adapting grid that serves as the feature component in producing the effect. The; present study can lend confirmation to neither group of models in that overall, statistically insignificant r~sults were achieved. Thus neither Stromeyer's {1974) study, nor the present study are able to provide convincing evidence for either of the models, in either direction. That is, both are unable to concur with or refute either model, due to the reasons just discussed.
While the present study has demonstrated that threshold _ _ measures, as determined by neutral density wedge settings are inadequate in serving as quantifiable dependent variables with which to evaluate the strengths of the McCollough Effects, perhaps with improvements, i.e., other ways of evaluating threshold measures, future studies could render them more sensitive and hence, adequate.
Additionally, i111>rovements are necessary in obtaining dark adaptation curves. In future research they need to display consistency over time for them to be considered useful in serving as a standard against which other dependent variables can be assessed. To remedy this, an item not mentioned by Stromeyer (1974) and very much worth examining, would be to have subjects verbally report the point at which the lined grid appeared clearly sharp and the point at which the grating appeared fuzzy and indistinct. This would allow investigators to identify where observers were in their dark adaptation curve(where their rod-cone break occurred).
Obtaining threshold measurements periodically during adaptation sequences might provide a more sensitive index of the rod-cone: threshold, as well as providing a more sensitive index of the-strength of the effect.
Evidence has been put forth by Holding, (in press) to suggest that the first test trial is simultaneously the first extinction trial. Employing such a technique, this phenomenon could easily be detected.
Another item worth investigating ~enters around the spatial frequency of the testing grid. Perhaps the width of the bars of the 
